Experiments were carried out at the ID08 beamline of the European Synchrotron Radiation Facility in Grenoble, France. The Ni(111) single crystal was used as the substrate. Before molecule deposition, the surface was cleaned by repeated cycles of Ar + sputtering (Energy = 2 keV for 20
After the deposition of the molecules on the substrate, STM images show isolated spots with reproducible lateral size of 2-3 nm and height of 0.3-0.4 nm, compatible with the molecule sizes, assuming that the Pc ring lay flat on the surface (see Supplementary Figure 1 It was previously reported that TbPc 2 double decker may decompose into two phthalocyanine halves when deposited on Au(111) metal surface 6, 7 . Similar results were found in Reference 1 on Cu(100), where pure intact TbPc 2 films were obtained with a careful degassing of the powders. To check the deposition on Ni(111) substrate, we performed extensive STM analysis on the film of TbPc 2 (the same conclusion is still valid for the other Ln derivatives), shown in Supplementary   Figure 1 (e). Although our STM set up has not enough resolution to clearly distinguish eight or four lobes corresponding to TbPc 2 and TbPc respectively, we reproducibly found the height of the molecule to be of 0.3 nm, without any signature of the presence of two different molecules species.
In addition, we also performed Raman spectroscopy on the submonolayer molecule film evaporated Raman spectrum of the TbPc 2 molecules evaporated as described in the main text on Ni(111). We did not observe the peak associated with the presence of isolated Pc moieties. We performed explicitly correlated CASSCF/RASSI/SINGLE_ANISO calculations of ground and excited states in TbPc 2 , DyPc 2 and ErPc 2 according to the methodology described in [10] [11] [12] [13] as implemented in the software MOLCAS 8.0 14 . In the calculation we used the experimental structure published for TbPc 2 for all three molecules 6, 15 . It is important to remark that the main finding of our approach (i.e. the activation of the new tunneling mechanisms) is a consequence of the introduction of the low symmetry harmonics and it is therefore very robust with respect to the microscopic details of the molecular structures used in the calculations. The split J-multiplet obtained from such calculations can then be projected onto a full crystal field Hamiltonian for the f-orbital space, which will contain 27 parameters evaluated ab initio 12 . Although the approach is in principle sensitive to the choice of the atomic Gaussian basis set and the number of CASSCF spin states nonperturbatively mixed in the RASSI module by an atomic mean-field integral (AMFI) spin orbit We summarize the resulting energy spectra, wavefunction-projection on the relevant multiplet basis, and resulting ab initio crystal field parameters, in four Supplementary Tables (ST's 
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